| INTRODUCTION
The increasing demand of genome based analyses in modern evolutionary and disease researches have also increased the need for bulk amount of pure genomic DNA 1,2 which should also be free from protein and RNA contaminants. It is indeed the primary requirement of various molecular biological techniques such as Polymerase Chain Reaction (PCR), restriction enzyme analysis, mutation detection, genotyping, and linkage analysis as well as determination of genetic abnormalities, epigenetic studies, and various diagnostic and preventive tests. [1] [2] [3] [4] Moreover, it would become much more research friendly if the DNA extraction method becomes rapid and cost effective.
DNA can be extracted from many biological samples such as hair, blood, semen, saliva, skin cells, and many more. Among these, the one that has gained astounding importance in biological researches is blood. Blood has become an integral part of biochemistry, hematology and clinical studies and forensic investigations. It serves as an important source of genomic DNA because of the presence of nucleated white blood cells.
Many protocols have been published regarding DNA isolation from blood. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Some of these published protocols applied enzymes and organic solvents for yielding high quality DNA, devoid of PCR inhibitors, while others including salting out procedure targeted toward higher DNA yields. 15, 16 Thus some protocols are expensive and time consuming 17 while others compromised with the DNA quality. [18] [19] [20] Therefore, in order to fulfill the demand of a rapid and cost effective procedure for obtaining high quality genomic DNA, hereby we have aimed to develop a protocol free from costly enzymes and toxic organic solvents for extracting pure DNA from fresh and frozen human blood samples. 
| MATERIALS AND METHODS

| Blood samples
10% SDS (Sodium dodecyl sulfate).
β-Mercaptoethanol.
Chloroform: Isoamyl alcohol (24:1).
Isopropanol.
70% and 90% ethanol (Merck, Germany);
| DNA extraction procedure
The extraction procedure was standardized both for fresh and frozen blood samples.
Step 1. 500 μL of blood sample was transferred from the vacutainer to an eppendorf tube. In case of frozen blood, the sample was thawed at room temperature for 20-30 minutes before transferring the blood to the eppendorf tube.
Step 2. Plasma was aspirated out carefully by centrifuging the sample at 2664 RCF for 7 minutes at 4°C.
Step 3. 1 mL of RLB was added to the precipitate, mixed gently and was allowed to stand at room temperature for 1-2 minutes.
Step 4. The mixture was then centrifuged at 2664 RCF for 6 minutes at room temperature.
Step 5. The supernatant was discarded. This step may be repeated 1-2 times until a white colored pellet is obtained.
Step 6. 500 μL of prewarmed DNA extraction buffer was added to the pellet followed by 30 μL of 10% SDS and 2 μL of BMercaptoethanol respectively and mixed gently. The mixture was then incubated at 56-60°C for 1 hour.
Step 7. 500 μL of Chloroform: isoamylalcohol (24:1) was added to the mixture after incubation and shaken well. The mixture was then centrifuged at 10 656 RCF for 12 minutes at 4°C.
Step 8. The supernatant was pipetted out in another fresh sterilized centrifuge tube containing chilled ethanol. The tube was shaken for a while until fine white threads appeared in the solution. The sample tube may be kept at −20°C for 20 minutes instead of shaking.
Step 9. The sample was then centrifuged at 10 656 RCF for 12 minutes at 4°C.
Step 10. The supernatant was discarded without disturbing the pellet and 500 μL of 90% alcohol was added to it.
Step 11. The sample was then centrifuged at 10 656 RCF for 12 minutes at 4°C.
Step 12.
Step 10 and 11 were repeated with 500 μL of 70% alcohol.
Step 13. The supernatant was discarded and the pellet was allowed to dry at 37°C.
Step 14. The pellet was then dissolved overnight in 100 μL of TE buffer.
Step 15. The DNA solution was then stored at −20°C for future use.
| DNA assessment
Ratio of the absorbance at 260 and 280 nm respectively (A 260 /A 280 )
were estimated to check the quality and quantity of the extracted DNA sample (Table 1 ). The absorbance ratio was measured using UV spectrophotometer (Rayleigh UV-2100, Beifen-Ruili Analytical Instrument (Group) Co., Ltd., Beijing, China). DNA concentration was measured based on A 260 values. Absorbance value of 1 at 260 nm equals to 50 μg/mL of pure dsDNA. This concentration was multiplied with the total eluted volume to provide the total yield of DNA.
T A B L E 1 Optical density (OD) ratios and DNA yield (μg) per 500 μL of blood extracted by the three protocols respectively. ST1 and ST2 denote Standard Protocol 1 and 2 respectively. Both OD ratios and DNA yield were expressed as mean±SD Furthermore, electrophoresis of 5 μL of each extracted DNA sample was done on 1% agarose gel in order to trace any degradation of the DNA sample during the extraction procedure ( Figure 1 ).
Polymerase Chain Reactions were carried out using the extracted Qualitative assessment of the extracted DNA was also checked by double digesting the DNA with restriction enzymes: Eco RI and Hind III (Genei; Figure 2B ). Briefly, each reaction mixture contained: 1.5 μg DNA, 2 μL of 10x assay buffer D (Genei) enzyme specific, 1 μL of restriction enzymes, EcoR1(10 U/μL) and Hind III (10 U/μL), 0.2 μL of 100x acetylated BSA and ddH 2 O to make the final volume to 20 μL. After brief centrifugation, the mixture was incubated at 37°C for overnight. Gel electrophoresis of the digested product was carried out on 1% agarose gel, prestained with ethidium bromide and visualized on a UV transilluminator.
Our data were also compared with some of the previously pub- 
| Standard protocols
Furthermore, two standard protocols were also used to extract DNA from the collected blood samples both in fresh and frozen conditions, namely the phenol-chloroform DNA extraction procedure by Sambrook et al. 25 and the high salt DNA extraction procedure by
Miller et al. 14 respectively. Both the protocols were standardized for 500 μL of blood.
As per the phenol-chloroform method, after removal of the RBCs On the other hand, in high salt precipitation method, after removal of the RBCs, the WBCs were treated with nuclei lysis buffer (10 mmol/L Tris-HCl, 400 mmol/L NaCl and 2 mmol/L Na2EDTA, pH 8.2) following overnight digestion at 37°C with 10% SDS and 20 mg/ mL Proteinase K. This was followed by addition of 6 mol/L saturated NaCl. Protein pellets and DNA in the supernatant were procured after shaking the mixture vigorously followed by centrifugation. This was followed by ethanol precipitation and dissolving the DNA in TE buffer. The total DNA yield (μg) and the absorbance ratio (A 260 /A 280 ) estimated from these two standard protocols were then compared with our experimental protocol.
| RESULTS
A 260 /A 280 absorbance ratio in case of both fresh and frozen human whole blood samples ranged consistently between 1.8 and 2.0 averaging at 1.88±0.07 and 1.86±0.06 for fresh and frozen blood respectively, which efficiently signified purity and successful deproteinization of the samples (Table 1) . It has also suggested that the extracted DNA samples were also free from RNA contaminations.
Following our protocol, the yield of genomic DNA per 500 μL of fresh blood ranged between 15 and 29 μg while that for 500 μL of frozen blood ranged between 14 and 28 μg respectively. Thus, the average yields for fresh and frozen blood samples were calculated to be 22±2.97 μg and 20.5±3.97 μg, respectively, which were comparable to the outcomes of both the standard protocols (Table 1) .
DNA samples, run in 1% agarose gel, demonstrated bands of varying intensities, which were more or less comparable in case of fresh and frozen, blood (Figure 1 ). However, all the DNA bands were prominent and unified with very negligible smearing in the lanes. This suggests that no degradation has occurred in the extracted DNA inspite of the exposure to several chemical washes. Furthermore, agarose gel containing PCR products showed very prominent bands and therefore further demonstrating the quality and purity of the extracted DNA (Figure 2A) . Double digestion by restriction enzymes ( Figure 2B) showed that the extracted DNA samples were free from any inhibitory and interfering compounds.
It was observed that our standardized protocol yielded sufficient 
| DISCUSSION
Pure and intact genomic DNA is the first and foremost requirement for many modern applications in molecular biology. Therefore, the efficiency of a DNA extraction protocol will be affected by its ro- /μL of human blood, the total amount of DNA per μL of blood was calculated to be within the range of 29.48-65.5 ng approximately. Thus, it was seen that using our protocol, the average DNA yield was within the normal range. Furthermore, the protocol roughly consumes two and a half hours for successful completion.
An earlier protocol of DNA extraction using CTAB was published by Thomas et al., 27 but it was found that the buffer compositions and the sequences of the steps differed considerably from our experimental protocol. When compared with other published protocols and commercially available kits, it was observed that our protocol yielded comparable amount of high quality human genomic DNA, as was represented by the scatterplot. We also tested the appropriateness of the model by examining residual plots ( Figure 3D ). It was observed that the points in the residual plot were more or less randomly dispersed around the horizontal axis and thereby suggesting that the linear regression model is appropriate for the data.
At last, it can be said that the present method is unique as it cuts down both time and expenditure of DNA extraction per human blood sample more robustly when compared to many other available protocols. It is simple and can be carried out successfully even by a nonprofessional. Furthermore, this protocol does not contain any toxic reagents and therefore provides safety while performing the extraction procedure. Lastly, although the protocol is simple and inexpensive, but the protocol did not compromises with the quality and integrity of the extracted DNA.
| CONCLUSION
The protocol mentioned in this study may prove to be efficient in yielding considerable amount of genomic DNA from both fresh and frozen human blood samples. Furthermore, the elimination of time consuming steps such as enzymatic incubation (for Proteinase K and RNAase) and avoiding the use of toxic organic solvents such as Phenol made the protocol time-saving and economical without affecting the quality of the DNA samples which could be reliable enough for applications in advanced molecular biological techniques. Moreover, it may prove to be useful for laboratories with limited funds to pursue basic molecular biological researches.
